Abstract: Background: Evidence on the association between feeding practices, iron deficiency, anaemia, stunting, and impaired psychomotor development during infancy is limited. This study assessed the association between psychomotor development with early feeding practices, growth, iron status, and anaemia. Methods: This was cross-sectional baseline data of a randomised controlled trial which included 6-month-old infants and their mothers or primary caregivers (n = 750) in a peri-urban community in the North West province of South Africa. The Kilifi Developmental Inventory and a parent rating scale were used to assess psychomotor development. Feeding practices and anthropometric measurements were based on the World Health Organisation (WHO) guidelines. Anaemia and iron status were determined by blood sample analysis. Results: Prevalence of anaemia and stunting for the infants were 36.4% and 28.5%, respectively. Multiple regression analysis showed that birth weight was related to combined psychomotor scores (β = −3.427 (−4.603, 1.891), p < 0.001), as well as parent rating scores (β = −0.843 (−1.507, −0.180), p = 0.013). Length-for-age z-scores were associated with combined psychomotor scores (β = −1.419 (−2.466, 0.373), p = 0.008), as well as parent rating scores (β = −0.747 (−1.483, −0.010), p = 0.047). Conclusions: In this setting, with high prevalence of anaemia and stunting, important associations between lower psychomotor development scores and birthweight as well as length-for-age z-scores in 6-month-old infants were found. These findings warrant further investigation to develop a greater understanding of factors influencing the association between child growth and psychomotor development within the first 1000 days of life.
Introduction
Infants and young children attain their optimal development through a combination of genetic potential, psychosocial stimulation, adequate nutrition, and a safe, clean physical environment [1] . An estimated 250 million children younger than 5 years (43%) in low-and middle-income countries, with 66% in Sub-Saharan Africa, are at risk of not reaching their development potential because of extreme poverty and stunting [2] . The first 1000 days of life (from conception to the child's second birthday) is recognised as a critical period during which rapid growth and development occur [1] . Nutritional deficits during this period may cause long-term impairment in child growth and intellectual performance [3] . Optimal feeding practices, to ensure adequate energy and nutrient intake, are therefore of high priority.
Stunting and anaemia are two of the most common forms of undernutrition during early childhood, and both have been linked to delayed cognitive development [4] . Globally, 24.5% of children younger than 5 years have been reported to be stunted [5] and 47.4% anaemic [6, 7] , with iron deficiency (ID) being the primary cause of anaemia [8] . Iron deficiency is associated with an increased risk of morbidity in infants and young children, impaired physical and cognitive development, and reduced work productivity in adults [9] . In developing countries, infants are especially susceptible to iron deficiency because of the high amounts of iron required for their growth coupled with a diet low in bioavailable iron [10] .
Various studies have reported on the cognitive development of infants and children in relation to anaemia and/or iron status. These studies showed an inverse association between iron status and fine motor skills in 9-month-old infants from China, Ghana, and USA [11] ; low haemoglobin (Hb) concentrations (<95 g/L) at age 8 months were associated with impaired motor development at age 18 months [12] , and infants with iron deficiency anaemia (IDA) had lower reaching and grasping patterns compared to non-IDA infants [13] . Several observational studies reported that children who were anaemic during infancy showed lower academic performance during their school-age years, even after treatment of the anaemia [14, 15] .
Poor nutrition is one of the main contributors to stunting and micronutrient deficiencies such as iron deficiency and, as a result, causes poor development [16] . The World Health Organisation (WHO) recommendations are that infants should be exclusively breastfed for the first 6 months of life [17] . However, a high percentage of infants are introduced to complementary foods before the age of 6 months in both high-and low-income countries, resulting in low exclusive breastfeeding rates of only 39%, according to the 2016 Global Nutrition Report [10] . Although globally exclusive breastfeeding rates are lowest in high-income countries, only 37% of infants under 6 months of age in low-income and middle-income countries are exclusively breastfed [18] . In South Africa, exclusive breastfeeding is low (32% of infants under 6 months of age in 2016) [19] and only 30% of children are breastfed until the age of 24 months [20] . Like many other African countries, in South Africa complementary foods often consist of cereal-based watery porridges with low nutritional quality [21, 22] , resulting in inadequate intakes of key micronutrients, such as iron, vitamin A, and zinc. This may affect the growth and development of the infants [3] .
A birth cohort study reported that short duration of exclusive breastfeeding (≤2 months) was associated with poorer psychomotor development in 6-12-month-old Brazilian infants [23] .
Baseline data of a recently completed randomised controlled trial (Clinicaltrials.gov NCT01845610) in South Africa showed that 28.5% of 6-month-old infants were stunted and 36.4% were anaemic. Short duration of exclusive breastfeeding (≤2 months) was reported for 48.9% of infants [24] . Against the background of a high prevalence of stunting and anaemia, as well as short duration of exclusive breastfeeding, we assessed whether stunting and anaemia were associated with early psychomotor development.
Methods

Study Population and Participants
Baseline data for 750 infants of age 6 months (5.85-7.01 months) who participated in a randomised controlled trial was collected during the period of September 2013 to January 2015. Study participants resided in the peri-urban Jouberton area in the greater Matlosana Municipality in Klerksdorp, North West province of South Africa. Jouberton is a low socioeconomic community 200 km from the nearest metropolitan area (Johannesburg). The number of study participants (n = 750) was based on sample size calculations for the randomised controlled trial, which had linear growth as the main outcome. Infants were excluded from the baseline for the randomised controlled trial if they had never been breastfed; suffered from severe obvious congenital abnormalities or a chronic disease; were severely anaemic (Hb < 70 g/L) or severely wasted -weight-for-length z-score < −3 SD(standard deviation) of the reference median; were known to be allergic or intolerant to peanuts, soy, milk, or lactose; received special nutritional supplements; were not a singleton, or if their mothers (primary caregivers) planned to move out of the study area within the next seven months. Infant-mother pairs were recruited through five primary health care clinics and house-to-house visits.
Ethical Standards and Disclosure
This study was conducted according to the Declaration of Helsinki guidelines. The study was approved by the Ethics Committee of the North-West University and the South African Medical Research Council. After institutional ethical approval was obtained, the study was reviewed by the Provincial Department of Health and Social Development for registration with the Directorate for Policy, Planning, and Research. Permission was also obtained at district and community levels to implement the study. Written informed consent was obtained from the mother or legal guardian. Infants who were found to be severely anaemic (Hb < 70 g/L) or severely wasted (weight-for-length z-score < −3 SD of the reference median) during screening were to be referred to a primary health care clinic and were excluded from the study.
Trial registration: The randomised control trial was registered as a clinical trial at the registry Clinicaltrials.gov (NCT01845610).
Data Collection
Data collection and informed consent were conducted at a central study site within the study area. The mother or primary caregiver (hereafter collectively referred to as caregivers) were interviewed in their preferred language by trained fieldworkers. Socioeconomic information on the household was collected using a structured questionnaire that has been used in similar settings [25] .
Breastfeeding and complementary feeding practices were assessed retrospectively using a structured questionnaire based on WHO guidelines for assessing infant and young child feeding practices [26] .
Information on the usual consumption of foods by the infants over the past seven days was collected using a set of unquantified food frequency questions that had previously been used in a similar study [25] . These questions were tested for face validity. The caregiver had a choice of four options to describe the child's intake of listed foods. The four options were (i) every day; (ii) most days (not every day but at least four days during the past seven days); (iii) once a week (at least once, but less often than four days during the past seven days); and (iv) never.
Anaemia and iron status were determined by blood sample analysis. A professional nurse took the blood sample. In cases where blood was not obtained successfully via antecubital venepuncture of the arm area or dorsal area, a finger-prick blood sample was taken. A 4-mL blood sample was obtained from 485 infants and a finger-prick blood sample was obtained from 265 infants. Hb concentration was measured on all samples (n = 750) using the Hemocue that uses the direct cyanmethaemoglobin method. For infants from whom an antecubital venepuncture blood sample was obtained successfully (n = 485), after the Hb test was done, the remaining blood was centrifuged at 500× g for 15 min at room temperature and the plasma aliquots were stored at −80 • C.
Plasma ferritin (PF) concentration was determined using a sensitive Sandwich enzyme-linked immunosorbent assay (ELISA) technique [27] . High-sensitivity C-reactive protein (CRP) and alpha-1 glycoprotein (AGP) were measured with an ELISA kit from Human Diagnostics. The PF concentrations altered by inflammation were adjusted using correction factors (CFs), based on the elevated CRP and AGP status of the infant [28] . Anthropometric measurements were taken by two fieldworkers who were trained and standardised according to the WHO Training Course on Child Growth Assessment for infants [29] . Birth weight was recorded from the infant's clinic growth monitoring card issued at birth.
We assessed, at the age of 6 months, psychomotor development based on direct testing and caregiver report, particularly with regard to two developmental domains, namely, locomotor development, which is related to the infant's ability to select and modify his/her ongoing movement appropriately [30] , and eye-hand coordination, which is the ability to reach or contact objects [31] . For direct testing, the Kilifi Developmental Inventory (KDI) has been developed to include culturally relevant items, and designed specifically for use in resource-poor settings by assessors with little experience in child development. It has been evaluated for reliability and validity in normal and disease-exposed populations in Kenya [32, 33] , and was recently used to study the effect of nutritional supplements on psychomotor development in infants and young children in Malawi [34] , Ghana [35] , and Kenya [36] .
Caregiver report was based on the South African developed parent rating scale. The parent rating scale has previously been validated in a study that included children aged 6-36 months from rural and urban settings in South Africa [37] . In Kenya, developmental outcomes in children were assessed using both the KDI and parent rating scales, and a significant positive relationship between most KDI scores and parent rating scores was reported [32] .
Both the KDI and the parent rating scale were translated into the local language by an experienced translator who had done this previously for two similar randomised controlled trials [38, 39] . Verification of the translation was done during the training of the assessors and corrections where needed were made before final printing of the assessment tools. During the recruitment process for cognitive assessors, role play formed part of the interview process to identify suitable individuals to be trained. Two selected individuals were trained as cognitive assessors by an experienced assessor under the guidance of the study psychologist (J.D.K.). The training was done over a three-week period and included alternate cycles of observation, role play practice, and feedback using life size human infant dolls. During the final part of the training, each assessor had to complete the assessment for at least five infants who were not part of the study. Assessment scores were evaluated and an interrater reliability score of 90% had to be achieved between the assessors. The two assessors carried out the assessments in two separate rooms to avoid distracting the infants. The caregiver was asked to assist where needed so as to get the attention of the infant.
Processing and Statistical Analysis of the Data
Data on infant feeding practices were entered into an EpiInfo data base. Data obtained from socioeconomic background, anthropometric status, blood results, and child development were captured by ClinTech (India) International Pvt Ltd. (Bengaluru, India), which used Pharmaceutical Applications Release version 4.6.6. Data were analysed using SPSS for Windows, version 23 (SPSS Inc., Chicago, IL, USA).
Anaemia was defined as Hb < 110 g/L [40] ; iron deficiency (ID) as PF < 12 µg/L; and iron deficiency anaemia (IDA) as both PF < 12 µg/L and Hb < 110 g/L [41] .
The WHO growth standards were used to calculate age and gender-specific z-scores. Stunting was defined as a length-for-age z-score (LAZ) < −2SD, and overweight was defined as a weight-for-length z-score (WLZ) > 2SD. Low birth weight was defined as <2.5 kg [42] .
KDI scores were calculated by adding up the scores recorded by the assessors (0 = unable to perform task, 1 = partially able to perform task, and 2 = able to perform task). For eye-hand coordination, some activities were scored on a scale of 0 (no level of the activity was performed successfully) to 4 (maximum levels of activity were performed successfully). The maximum possible score for eye-hand coordination was 27, and for loco-motor development it was 26. The combined psychomotor score was obtained by the sum of eye-hand and locomotor scores. Parent rating scores as recorded by the assessors were grouped based on, 0 = infant was not able, and 1 = infant was able. The adapted questionnaires for 6-month-old infants was based on 33 items, and thus a maximum score of 33 could be obtained.
Categorical variables are reported as frequencies and percentages. Continuous data were tested for normality using Shapiro-Wilk-test, and are reported as the mean with 95% confidence intervals (CI) for normally distributed data, or as the median with the interquartile range (IQR) for data not normally distributed. Independent samples t-tests were used to compare development scores between two groups such as gender. Three or more groups were compared using one-way analysis of variance (ANOVA); where ANOVA showed significant differences, post-hoc analyses were conducted with a Bonferroni correction. Effect sizes for psychomotor and parent rating scores were determined using Cohen's d value to indicate the standardised difference between two means (0 = no practical significance; 0.2 = small practical significance; 0.5 = medium practical significance; 0.8 = large practical significance). Multiple linear regression analysis was used to investigate associations between developmental scores, feeding practices, and nutritional status. We used R-squared change to evaluate the importance of the predictor variables. Three models were created in sequence of (1) nutritional status such as haemoglobin and iron status, as well as anthropometric measurements; (2) nutritional status and feeding practices such as breastfeeding practices and frequencies of food intake; and (3) nutritional status, feeding practices, and demographical data such as gender and caregiver's education level. For the multiple linear regression analysis, diagnostics plots of the residuals were performed to evaluate model adequacy in terms of normality, homogeneity of variance, and linearity. For all analyses, statistical significance was set at p < 0.05.
Results
Most (91.7%) of the primary caregivers interviewed were the mother of the infant. As indicated in Table 1 , the mean (95% CI) age of the primary caregivers was 28.4 (27.8, 29.0) years; 80% had at least 10 years of formal education (grade 10 or above), and only 10.7% were married. The median (IQR) number of people living in the household was 5 (4, 7). In 27.6% of households no member earned a salary; while 87.4% of households were recipients of the child support grant (a social grant). Anaemia was prevalent in 36.4% of infants. The prevalence of ID and IDA was 16.1% and 10.5%, respectively. Stunting was prevalent in 28.5% of infants.
As shown in Table 2 , female infants (n = 363) and those with caregivers who passed at least grade 10 (n = 601) scored higher for the parent rating scales (p = 0.002, d = 0.217; and p = 0.007, d = 0.227, respectively). Parent rating scales scored higher for infants who were exclusively breastfed for ≤2 months compared to infants who were exclusively breastfed up to the age of 5-6 months (p = 0.003; d = 0.167), as well as for infants who consumed commercial infant cereal frequently (p = <0.001, d = 0.430). Infants who were breastfed at age 6 months (n = 525), scored higher eye hand scores compared to those who were not breastfed at age 6 months (p = 0.013, d = 0.181). Stunted infants (n = 214) scored lower for combined psychomotor development and parent rating scores than non-stunted infants (p < 0.001; d = 0.322, p = 0.001; d = 0.229, respectively). Lower combined psychomotor development and parent rating scores were recorded for low birthweight infants (p = <0.001; d = 0.533 and p = 0.013; d = 0.265, respectively). No significant differences were observed for psychomotor scores and parent rating scores between households with at least one member earning a salary and those with no members earning a salary, as well as households receiving a child support grant and those not receiving a child support grant.
Results based on multiple linear regression analysis indicated that birth weight was negatively related to eye-hand (β = −1. 10.5 Percentage of infants who were stunted 5 28.5 Percentage of infants who were overweight 6 10.1 Percentage of infants who had a low birth weight 7 EBF = Exclusive breastfeeding, CI = confidence interval. 1 Two groups: independent samples t-test; Three groups: one-way ANOVA; 2 Bonferroni post-hoc test indicated significant difference between 0-2 months and 5-6 months age groups (p = 0.005); 3 ≥4 days a week; 4 Hb < 110 g/L; 5 PF < 12 µg/L; 6 Length-for age z-score < −2; 7 Weight-for-length z-score > 2; d (Cohen's d-value): 0 = no practical significance; 0.2 = small practical significance; 0.5 = medium practical significance; 0.8 = large practical significance. 
Discussion
It is important to investigate psychomotor development in the context wherein it occurs, especially when protective and risk factors are simultaneously present [43] . Even though several studies reported that psychomotor development is associated with nutritional status or breastfeeding practices [2, [44] [45] [46] [47] , the association of psychomotor development at the age of 6 months (when WHO recommends the introduction of complementary feeding) with nutritional status, as well as early introduction of complementary foods (which were mostly commercial infant products in our study), has been largely unexplored.
Our study showed that differences in developmental scores were related to the level of education of the caregiver, gender on the infant, early feeding practices, and nutritional status.
It is well-known that stunting is among the major risk factors for failure to attain full developmental potential [48] , which is also supported in our results. We found that stunted, as well as infants born with a low birthweight scored lower psychomotor scores. In the same study population, Matsungo et al. (2017) reported that birth weight (kg) was inversely associated with stunting [49] , which may be a consequence of maternal short stature, combined with poor nutrition during pre-conception and pregnancy [50] [51] [52] [53] . Victora et al. reported that, since low birthweight is more commonly found in infants whose mothers were stunted, the effect of stunting on cognition may be intergenerational [54] . Matsungo et al (2017) further reported that boys, who scored lower parent rating scores in our study, were 1.73 times (p = 0.017) more likely to be stunted than girls [49] . Higher stunting rates in boys concur with the findings from 16 demographic and health surveys from 10 sub-Saharan countries [55] .
Delayed growth and long term effects on psychomotor development may be caused by anaemia and or iron deficiency [56] . We found that anaemia and iron-status were not associated with psychomotor development scores. According to a review paper by Jáuregui-Lobera [57] , deficits in cognitive development were associated with ID, IDA, and non-IDA still needs to be explored and may appear at different ages; and even though Hb concentrations seem to correlate with cognitive performance, iron supplementation may improve cognitive functions regardless of the Hb concentration of those affected [57] .
Nutritional status is often associated with early feeding practices such as breastfeeding and the quality of complementary feeding [15, 58] . At age 6 months, 70.1% of infants in our study were still breastfeeding and 42.0% received formula milk feeds. Complementary foods most consumed were infant cereal (68.1%) and commercial jarred infant foods (22.7%), which were introduced mostly at 3-4 months of age [24] . Eye-hand coordination scores were higher for infants who were still being breastfed in comparison to those who were no longer being breastfed at age 6 months. Breast milk fat contains long chain polyunsaturated fatty acids (docosahexaenoic acid and arachidonic acid) which are important for the neurological development of a child [59] . Although we found that loco-motor scores were not significantly higher for breastfed infants, some beneficial effects of breastfeeding in the first 6 months may only become apparent at a later stage [46, 47] . Frequent consumption of commercial jarred infant foods as well as commercial infant cereal were associated with higher parent rating scores.
A strength of this study is the large number of infants (n = 750) within a very narrow age bracket (6 months old), compared to the wider age range in studies that report on child development in relation to nutritional status [58, 60] . A limitation of the study is that venous blood sample was not successfully obtained for all infants. As a result, PF values are available for a sub-sample only (n = 485) while Hb results are based on either finger prick or venous samples. We compared the Hb values obtained from capillary versus venous samples, and results showed that there was no significant difference (p = 0.657) between the two groups (unpublished data). Simmonds et al. concluded that in the absence of a venous sample, a capillary sample via finger prick can be used as a reliable alternative in field settings [61] .
Conclusions
In conclusion, against the background of short duration of exclusive breastfeeding, early introduction of commercial infant products, and the prevalence of stunting, anaemia, and iron deficiency, multiple regression analysis showed associations in developmental scores. Our study's results showed that psycho-motor development in 6-month-old infants was positively associated with length-for-age z-score and birth weight, as well as frequent consumption of commercial infant cereals. Further investigation to develop a greater understanding of the association between child growth and psychomotor development within the first 1000 days, as well as factors influencing this association and how best to address it, is warranted.
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